Rates of growth and partitioning of nutrients among tissues were measured in large (Simmental x [Hereford x Brahman]; n = 34) and very large (Chianina x Angus and Maine Anjou x Angus; n =37) steers implanted with different anabolic growth regulators. All cattle were fed individually a whole shelled corn (13% crude protein) diet. Implant strategies were: none (n = 13), Ralgro 36 mg (n = 15), Ralgro 72 mg (n = 14), Synovex-S (n = 15) and Ralgro 36-Synovex-S (n = 14) administered at d 0 and 90. Empty body composition of all cattle was measured initially and at 90 d by D20 dilution procedures and at slaughter (average, 182 + 4.1 d) by carcass specific gravity. Empty body weight for large and very large cattle averaged 274 and 324 kg (P < .05) initially and 497 and 603 kg (P < .05) at slaughter. Empty body protein differed (P < .05) for large and very large steers and averaged 51 and 61, 67 and 79, and 87 and 103 kg initially, at midpoint and at slaughter, respectively. Percentage empty body fat was lower for very large steers (13.5 vs 15.6%) initially (P < .05) but was similar for very large and large steers at the midr~int (18.7 vs 18.1%) and at slaughter (23.2 vs 21.9%). Daily rates of empty body gain (DEBG) were greater (P < .05) for very large vs large steers for both growing and finishing periods and averaged 1.53 vs 1.26 kg/d overall. Daily rates of protein gain (DPG) were similar for very large and large steers for the growing phase (204 vs 202 g/d) but greater (P < .05) in very large steers for the finishing phase and overall (253 vs 204, and 229 vs 202 g/d). All implant strategies, except R36, increased DEBG and DPG and tended to decrease the percentage of fat in daily gain. In both large and very large cattle, implant growth regulators increased growth rate and partitioned nutrient use away from fat toward protein accretion, with the magnitude of partitioning toward protein increasing with greater rates of growth. These data indicate that anabolic growth regulators are viable strategies to enhance lean beef production in steers, regardless of animal size.
Introduction
has demonstrated that whereas the limits for protein growth are reflected in genetic potential and mature size of the animal, the degree to which these levels are achieved is controlled by factors such as sex class, nutrition, physiological status and management. Usually, with larger mature sizes and later maturing animals, the potential for protein growth increases through faster rates of growth and(or) greater potential for storage (Byers, 1982) . Anabolic agents may affect fasting heat production (Tyrrell et al., 1975; Rumsey et al., 1980) , efficiency of energy utilization, protein breakdown (Rumsey et al., 1980) , partitioning of metabolizable energy (ME) between fat and protein (Byers, 1982) , and(or) may change body composition (Trenkle, 1976; Vander Wal, 1976; Byers, 1982) . Recent studies indicate that current levels of growth regulators may be inadequate for optimal response (Zinn, 1985) ; this concern may be more critical for larger mature-size cattle with greater growth potential . Therefore, the following study was conducted to identify the impact of several anabolic growth regulator regimens on growth, composition, pattern of tissue growth and energetic efficiency in steers of large and very large mature (frame) size.
Materials and Methods
Thirty-four Simmental • (Hereford x Brahman) steers (large) and 37 Chianina x Angus or Maine Anjou x Angus steers (very large), with average initial weights of 306 and 351 kg, respectively, were used. Cattle within each frame size were obtained from a single ranch. Steers of the two different frame sizes were allocated to five different implant treatments. The five implant treatments were: no implant (N; n = 13), 36 mg; R36; n = 15), Ralgro-72~4 (zeranol, 72 mg; R72; n = 14), Synovex-S 5 (estradiol benzoate, 20 mg, and progesterone, 200 mg; S; n = 15), and Ralgro-364 + Synovex-S 5 (RS; n 14). Steers receiving an ear implant were implanted initially (d 0) and on d 90 of the 182-d (average) feeding trial. Steers were trained to use the Calan electronic gate feeders and were housed in groups in five open-faced facilities with concrete floors, waterers and partial shelter. Steers had ad libitum access to feed.
Diets were composed of whole shelled corn, cottonseed meal and cottonseed hulls in two combinations (Table 1) Mcal ME/kg and 13.6% CP. The finishing phase diet fed from d 90 to slaughter (average 98 d) contained more energy (3.01 Mcal ME/ kg) but was similar (13.8%) in CP content. Dry matter and energy digestibilities (DE) of the growth phase diet were determined for all steers in a digestion trial at the end of the growing phase. Feed samples were collected for five consecutive days starting 2 d prior to the fecal collection period. Fecal samples were collected for five consecutive days at different times during the day. Feed and feces samples were stored frozen and were thawed and composited at the completion of the digestion trial. Composited feed and fecal samples were ground through a 2-mm screen in a Wiley mill and analyzed for indigestible ADF (Waller et al., 1980) , which was used as an internal marker. Average DM digestibility of the diet was estimated, and percent DE for each animal was calculated from gross energy values determined using a Parr adiabatic bomb calorimeter 6. The ME intake for energy balance calculations was derived as 82% of DE (NRC, 1984) , and was somewhat lower than NRC ME estimates, likely a reflection of dryland corn in this region. Individual live weight, condition score and hip height measurements were recorded initially and every 28 d until slaughter. All cattle were individually removed and slaughtered as they approached a similar compositional endpoint. Empty body composition, empty body weight and quantities of protein and fat of all steers were estimated initially and at d 90 (end of the growing phase) by D20 dilution procedures (Byers, 1979a,b) with current equations . Final empty body weight and composition were determined at slaughter from carcass weight and specific gravity (Garrett and Hinman, 1969) . Preston et al. (1984) found relationships of carcass specific gravity to composition similar to those of Garrett and Hinman (1969) with heavier cattle. These procedures provide similar estimates of empty body composition in cattle (Byers, 1979b) . Prior to slaughter, steers were held without feed overnight, transported 160 km to Texas A&M University, College Station, or 320 km to Gooch Packing Company, Abilene, Texas.
Estimated mature weight was derived as mature weight = 310 + (50 x frame size), where frame size = 5 + .17 (hip height [cm] -110) and was 676 and 735 kg for large and very large steers, respectively (Perry et al., 1986) . Relative maturity was calculated as breed mature weight/mean empty body weight. Quantities of protein and fat accumulated and daily rates of empty body weight (DEBG), protein (DPG) and fat (DFG) gain, and fat as a percentage of empty body gain, were determined from body composition estimates and respective time interval for each steer. From estimates of retained energy/kg -75 (RE), which was calculated as grams of protein x 5.539 + grams of fat x 9.385 (Garrett and Hinman, 1969) and ME intake, daily RE and ME/kg of metabolic body size (wt, kg .75) were determined. The semilog expression of heat production (HP)/kg .75, determined as ME minus RE with HP equal to 77 at zero ME intake (Garrett et al., 1971) , was used to calculate the ME required for energy equilibrium or maintenance (MEM). Grams of diet DM/kg .75 required for maintenance (DM-Maint) also were calculated. The efficiency of ME use for maintenance was calculated as 77/MEM. The slope of RE vs ME available for gain (ME intake minus MEM) provided an estimate of the efficiency of ME use for gain. Net energy for maintenance (NEm) and net energy for gain (NEg) were calculated from the diet ME (kcal/g) (calculated as MEM/DM-Malnt) times the respective efficiency of ME use for each function.
Rates of dally gain (ADG), DM/galn, dally DM intake, live weight gain and relative maturity were analyzed by phase of growth. Data were analyzed statistically using the SAS GLM procedure (SAS, 1985) ; least squares means are reported and were separated with a protected LSD (SAS, 1985) . The analysis included main effects of frame size (very large vs large), anabolic implants and their interaction. Treatments also were coded as non-or implanted in SAS GLM models to contrast all implanted animals with non-implanted animals in ANOVA models. Growth functions describing energy gain were derived from composition and rate of growth data for all cattle in each phase of growth and included relative maturity and implant treatment. Initial models included implant, frame size and relative maturity; frame size was deleted because it accounted for no additional variation when relative maturity was included. Growth functions were contrasted at a range of rates of gain. For each of the growth functions, rate of empty body gain was included as a continuous variable within each implant category. Relative maturity was used as a continuous covariate in the analysis and accounted for the mature size variation that existed between very large and large cattle in the growth functions derived.
Results and Discussion
Cattle of both frame size groups responded differently in certain measures of growth but responded similarly to growth regulators for all variables measured. As a consequence, the frame size x implant treatment interaction was not significant (P > .5) in any model, and therefore, the interaction comparisons are not included. The very large steers consumed 21% more (P < .05) DM/d than did the large cattle during the digestion study (d 85 to 90) and had 4% lower digestibility of DM and energy from the growing diet than did large steers (Table  2) . Dry matter digestibility averaged 73.6% for all treatments; however, a tendency (P < .10) for lower DM and energy digestibility was observed for the S vs R36 implant treatments.
Relative maturity differed (P < .05) by frame size in both phases but was unaffected by implants at either phase. Relative maturity and mean empty body weight for very large and large cattle averaged 1.94 and 2.09, and 383 and 324 kg for the growing phase and 1.42 and 1.55, and 522 and 435 kg for the finishing aLeast squares means; trial conducted at end of growing phase. bFrame size: VL = very large, L = large; Implant treatment: N = no implant, R36 = Ralgro 36 nag, R72 = Ralgro 72 mg, S = Synovex-S, RS = Ralgro 36 mg plus Synovex-S.
C'dMeans in the same row with different letters in their superscripts, within a main effect, differ (P < .05). e'fMeans in the same row with different letters in their superscripts, within a main effect, differ (P <. 10).
phase. Initial empty body weight and protein was 49.9 and 10.6 kg greater (P < .05) in very large vs large cattle (Table 3 ). The quantity of empty body fat was similar between frame sizes and, as a result, percentage fat (15.6 vs 13.5%) was greater and percentage protein was less for large vs very large cattle. Random allocation based on body weights and frame size resulted in similar average initial body composition for all implant treatments; overall means for empty body weight, protein and fat were 299, 56 and 44 kg, as determined by initial D20 measurements.
Growing Phase
At the completion of the growing phase, empty body weight for the very large cattle was 68.6 kg greater (P < .05) and contained 11.8 kg more protein (P < .05) than large cattle. Percentage of fat in the empty body in cattle of both frame sizes was similar. Similar patterns were observed for empty body weight and fat for Simmental-cross vs Angus-Hereford-cross steers reported by McCarthy et al. (1983) . Byers et al. (1985) reported similar patterns for empty body weight and protein for moderate (Red Poll crossbred) vs steers of large frame size (Charolais crossbred). The effect of growth regulators was evident by the end of the growing phase (i.e., midpoint composition). Empty body weight of implanted cattle groups averaged 15 kg greater (411.1 vs 396.4 kg, P < .05) with 3 kg more empty body protein (73.8 vs 70.6 kg, P < .05) than N cattle.
The compositional changes occurring during the growing phase reflect greater (P < .05) rates of empty body weight (14%) and fat (48%) gains (Table 4) for very large compared to large steers. Rates of protein gain (204 vs 202 g/d) were similar for the two sizes of steers. As a result, percentage of fat in gain also was greater (32.3 vs 25.7%, P < .05) for very large vs large steers. Similar trends in protein gain were observed by Byers et al. (1985) , although both DEBG and DPG were lower than those in the current study, and percentage fat in gain was greater for smaller steers. McCarthy et al. (1983) found greater DEBG, DPG and DFG for large vs small steers; rates of tissue (DEBG, DPG) gain also were lower than those observed in the present study. The differences in midpoint empty body weight and protein content between implanted and N steers (Table 3) reflect differences in DEBG and DPG, both of which increased by an average of 24% (1.36 vs 1.10 kg/d and 212 vs 170 g/d, respectively) in implanted steers. For steers receiving RS and S implants, DEBG was greater (P < .05) than in N steers. This response also was evident for DPG, with RS and S implants increasing (P < .05) rates of DPG vs N by 30% or more (225 and 221 vs 170 g/d) and R36 and R72 resulting in intermediate (14 to 20%) responses (194 and 206 g/d) . Whereas implanted cattle gained faster, percentage fat in gain was similar for all treatments. This reflects differences in partitioning of energy between fat and protein at common rates of gain, allowing implanted cattle to gain faster without an increase in percentage fat in gain. bNon-implant vs implant differ (P < .05). C'dMeans in the same row with different letters in their superscripts, within a main effect, differ (P < .05).
Finishing Phase
Final empty body components for very large vs large steers at a similar percentage fat endpoint (23.2 vs 21.9%) reflected differences in mature size of these cattle (Table 3) . Very large cattle were 106 kg heavier (P < .05) in empty body weight and had more protein (P < .05) and more fat than large cattle (P < .05). These differences are consistent with previous comparisons of cattle differing in mature size. Rates of tissue gain for the finishing phase indicated that very large cattle grew 27% faster (P < .05) and deposited 24% more (P < .05) protein than the large cattle with a similar percentage of fat in gain during this phase. McCarthy et al. (1983) observed greater DPG, with greater DEBG for large vs small steers, in agreement with results of the present study, but also reported a lower percentage of fat in gain for large vs small steers. These differences likely reflect differences in mature size and fraction of maturity of respective cattle types in each study.
The four implanted cattle groups averaged 18 kg greater (P < .05) final empty body weight and a 7% greater (P < .05) weight of protein than N steers (Table 3) . Implanted steers averaged 12 kg less fat than N steers. Vanderwert et al. (1985) found an increase in percentage carcass lean, an increase in lean weight and a decrease in fat weight between R36 implanted and non-implanted steers. In a comparison between non-implanted steers and steers continuously implanted every 75 d with R36 or S, Byers et al. (1985) reported an increase of 15.6 and 26.4 kg in empty body weight and 5 and 6.7 kg in protein over the controls. The results from the current study support previous research and indicate a greater priority for lean tissue growth with anabolic implants in cattle of all sizes.
Implanted cattle gained empty body weight 17% more rapidly (1.54 vs 1.32 kg/d) and protein at 32% faster (P < .05) rates (241 vs 182 g/d, DPG) than N steers (Table 4) during the finishing phase. This occurred simultaneously with a 9% reduction in rate of fat gain and resulted in a 22% reduction (P < .05) in percentage of fat in gain (32.9 vs 42.1%) for implanted vs N cattle. Results of Lemieux et al. (1985) with crossbred steers implanted c'd'eMearls in the same row with different letters in their superscripts, within a main effect, differ (P < .05).
either with R36 or S vs no implant indicated similar changes in patterns of growth with implants. Protein deposition was greater for implanted steers and percentage of fat in gain was reduced. A similar response to R36 and S implants in DEBG and DPG during the finishing phases was also observed by . The change in stage of maturity from the growing to the finishing phase along with diet changes presumably were primary factors involved in the increase in fat as a fraction of empty body gain in the fiaishing phase. The difference between phases was greater in N cattle, in which percentage fat in gain increased 41%, whereas the change in the implanted cattle was only 14%. The change in fat gain by phase was contrasted by responses in rates of protein gain (g/d); N cattle increased by 7% between phases, whereas implanted cattle increased twice as much, by an average of 14%.
Overall Responses
For the entire trial, very large cattle grew at 21% faster (P < .05) rates of DEBG (1.53 vs 1.26 kg/d) and deposited 13% more (P < .05) protein (229 vs 202 g/d) and 39% more fat/d (P < .05) than large cattle. Rates of DEBG and DPG in the study of McCarthy et al. (1983) averaged .87 vs 1.05 kg/d and 107 vs 152 g/d for their steers with small and large frames, lower than in the current study. In the current study, both large and very large steers achieved very rapid rates of protein deposition.
Very large cattle grew 20% faster and deposited 24c~ more protein and 33% more fat in the finishing than in the growing phases, whereas large steers only grew 7% faster, with no bFrame size: VL = very large, L = large; Implant treatment: N = no implant, R36 = Ralgro 36 rag, R72 = Ralgro 72 rag, S = Synovex-S, RS = Raigro 36 mg plus Synovex-S.
eDaily retained (RE), metabolizable (ME), and diet net (NE) energy terms.
d'e'fMeans in the same row with different letters in their superscripts, within a main effect, differ (P < .05).
change in protein deposition and with a 44% greater fat deposition in the finishing vs growing phases. The greater rate of fat deposition and unchanged protein deposition between phases of growth in large cattle indicated that priorities for tissue growth had changed at an advanced stage of maturity, whereas the very large steers continued to deposit protein at greater rates in the finishing phase.
Overall, anabolic agents increased (P < .05) DEBG by 19% and increased (P < .05) DPG by 28% (Table 4) . Reflecting partitioning of dietary energy, percentage of fat in gain averaged 17% lower for implanted vs N cattle. Within treatments, expressed on a daily basis, steers receiving RS gained empty body weight faster (P < .05) and deposited more protein (P < .05) than those receiving N and R36; responses to other implants were intermediate. Daily fat gain was similar for all implant treatments. Responses in DEBG and DPG to implants in this study were consistent with those of Byers et al. (1985) for continuous implant treatments over none, where rates of DEBG and DPG also were greater. Loy et al. (1982) reported responses in DPG and DFG consistent with those in the current study for S and R36 implant groups.
Frame size effects on energy partitioning (Table 5) indicate that whereas very large cattle consumed greater amounts of ME, they also deposited greater amounts of energy as body tissue (RE). No differences between frame sizes (very large vs large) were apparent in ME requirements (MEM) for maintenance (117 vs 119 kcal/kg "75) or in the amount of DM required for maintenance. The efficiency of energy utilization for maintenance or gain did not differ between frame sizes and averaged 65.4 and 45.1%, respectively, across frame sizes. These values are similar to expected efficiencies (NRC, 1984) of 65.1 and 41.5% for energy utilization for maintenance and gain in a diet containing 2.6 Mcai ME/kg. As a result, there were no differences in net energy for maintenance (NEm) and gain (NEg) values for the diet between very large and large steers, which averaged 1.66 and 1.15 kcal/g, respectively.
Implant treatments did not alter RE even though ME intake was greater (P < .05) for all implant groups vs N steers (251.7 vs 225.6 kcal/kg.75). Maintenance ME requirements were slightly (P < .18) elevated (119 vs 115 kcal/kg -75) for the average of implanted cattle vs N steers. Efficiency of ME used for maintenance was reduced by an average of 3% for implanted vs N cattle. Efficiency of energy use for gain was decreased with most implant groups and averaged 14% lower (43.7 vs 50.7%) for implanted vs N cattle. As a consequence, NEm and NEg values of the diet were decreased by 3 and 14% for implanted vs N cattle, respectively. Efficiency of ME use for gain was related (R 2 = .55, P < .0001) to aWhere Relative maturity = mature weight/current weight, DEBG = daily empty body gain, g, and N = none, R36 = Ralgro 36 mg, R72 = Ralgro 72 mg, S = Synovex-S and RS = Ralgro 36 mg plus Synovex-S.
percentage composition of growth, and implant groups (i.e., S) with the lowest percentage fat in gain also were lowest in efficiency of ME use for gain and in diet NEg value. In general, the RS implant treatment was most similar to N in percentage fat in gain and also in efficiency of ME use for gain and in diet NEg value, and the S group was most divergent. Results of Zinn (1985) indicated that, on the average, implanted cattle had 18% greater maintenance requirements than controls. Rumsey et al. (1980) reported that estrogenic implants in steers caused a small increase in heart rate, respiratory exchange and heat production, and Tyrrell et al. (1975) reported trends indicating a slight increase in fasting metabolic rate. The reduction in efficiency of ME use for gain and diet NEg value in this study reflects composition of growth where efficiency of energy utilization decreased slightly as DPG increased in implanted cattle.
The regression growth functions (Table 6 ) indicate a greater energy density of growth at similar rates of growth for N vs implanted steers. With relative maturity included in the model (Table 6 ), frame size effects were no longer significant (P > .5), indicating that this function accounted for most of the differences existing between very large and large cattle in growth functions. The model for retained energy/day was derived via SAS General Linear Models procedures initially including main effects of implant, frame size, relative maturity and DEBG (linear or log) as continuous variables and interactions of implant x frame size and implant x DEBG. Relative maturity accounted for more of the variation than frame size, which was not significant with relative maturity in the model. The implant x log DEBG components accounted for implant variations such that the main effect of implant was not significant in the model. Nonsignificant effects were deleted and the final model included an intercept, a slope for relative maturity and slopes for DEBG for each implant. This model accounted for 64% of the variation in daily retained energy with a coefficient of variation of 3.3%. Comparable models for daily protein or fat gain derived independently yielded R 2 of .37 and .44, respectively. In these analyses, the functions integrating both protein and fat components of gain as a single variable (retained energy) yielded growth models best describing animal and implant regulation of growth vs rate of growth. The slopes for the natural logarithms of energy gain vs rate of gain ranged from 1.160 for N to 1.135 for S; slopes for R36, R72 and RS were intermediate. Slopes for all implanted cattle groups were less (P < .01) than for N cattle and slopes for all cattle were greater (P < .01) than 1.0, indicating that the fraction of fat and protein in gain was greater and less, respectively, for animals with a higher rate of gain, this change being greater for non-implanted cattle. Growth curves derived from this model for energy density of gain and energy components (protein, fat) of gain vs rates of gain are illustrated in Figure 1 for cattle of the average relative maturity for this study (1.75). Protein and fat gain are derived from energy density of gain (kcal/g) and energy content of lean tissue (22% protein) gain (1.24 kcal/g) vs fat gain (9.385 kcal/g). For example, the fraction of fat in gain is derived as: (energy density of gain, kcal/g -1.24)/8.145) x 100 and ranged from 0 to 100%. The effect of the implants on energy density of gain growth functions were directly reflected in effects on deposition of protein and fat. The patterns of protein and fat deposition and the effect of anabolic implants in increasing the magnitude of nutrient repartitioning at faster rates of empty body gain are and stage of growth are important factors involved in the modification and(or) regulation of growth. Larger animals not only had greater total amounts of protein, but also deposited protein at faster rates than smaller animals. Rates of protein deposition were directly related to stage of maturity and rates of growth and began to plateau at faster rates of growth, indicating the approach to limits for protein deposition. These levels were established differently in very large vs large cattle and were modified similarly in cattle of both sizes with anabolic growth regulators. The processes by which this enhanced growth occurs remain to be clarified. Further understanding of the regulation of protein synthesis and turnover with growth and the energetic efficiency of the processes involved is required.
